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Whole cell project of T. thermophilus HB8

Thermophilic
(up to 85oC),
and aerobic 
gram negative 
eubacterium

The reasons why T. thermophilus are 
(1)~2.1 Mb genome and ~2,200 genes 

(half of E. coli or Bacillus subtilis)

(2) It can grow in a minimum medium.

(3) Basic genetic engineering techniques on this strain 
are established.  (construction of gene disruptant strain, 
expression of recombinant protein)

(4) Many proteins from this strain are heat stable. 
(Suitable for their structural and functional analyses)

The ultimate goal of this project is to understand all of the fundamental 
biological phenomena at an atomic resolution, firstly, focusing on proteins.

Isolated by Dr. Tairo Oshima 
from “Mine” hot springs in Japan
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Crystal structures of large complexes and membrane proteins
MgtE Mg2+ transporter

Hattori M et al. (2007) 
Nature 448, 1072-1075.

Tsukazaki T et al. (2008) 
Nature 455, 988-991.

SecY-SecE complex

Respiratory  complex I

Sazanov LA et al. (2010) 
Nature 465, 441-447.

V-ATPase A3B3 complex

Maher MJ et al. (2009) 
EMBO J. 28, 3771-3779.

Ribosome RNA polymerase

Yusupov MM et al. 
(2001) Science 292,
883-896.

Vassylyev D et al. (2002)
Nature 417, 712-719.
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<Whole cell project in RIKEN>
1. Structurome  Research Group, FY1999～2006 
(Group director: Kuramitsu S & Yokoyama S) ($ 2 million/year)

2. RIKEN Structural Genomics/Proteomics Initiative, 2001
National Project on Protein Structural and Functional Analyses, 
“Protein 3000”, FY2002～2006

3. SR System Biology Research Group, FY2006～2012 (terminate)
(Group director: Kuramitsu S.) (now $ 1 million/year)

Genome decoding project
(Yokoyama T & Shibata T)

Whole cell project
(Kuramitsu S)



Long-term strategy of the Whole-cell project in RIKEN
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Structural Genomics
(1)  genome analysis   (2)  overproduction of protein   (3)  3D structural 

analysis

Functional Genomics
(1) 3D structure
(2) mRNA expression (transcriptomics)
(3) protein expression (proteomics) 
(4) protein-protein interaction (interactomics) 
(5) metabolite (metabolomics)
(6) other phenotypes (phenomics) 

< time dependence of  location and amount of molecules >

Molecular Functional Analyses on Each System
(1)  development of new methods for functional analyses 
(2)  detailed functional analyses on each protein

Simulation of All Biological Phenomena in Cells

1999.10
~
2006.3

2006.4
~
2013.3
(terminate)

?

(Term)



With this model organism, we hope that basic biological phenomena 
common to many organisms, including human will be elucidated.  

Human cell

T. thermophilus HB8  cell

Genes 23,000 2,200
(base pairs)          (3 x 109 bp) (2.3 x 106 bp)

Proteins > 1,000,000 2,300
(including post-translational modifications)

Structural and functional genomics of T. thermophilus HB8
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Chromosome

1,849,051 bp

256,992 bp

9,658 bp

Chromosome

Megaplasmid
(pTT27 homolog)

Miniplasmid
(pTT8)

Total   2,115,701 bp (G+C: 69.5%)

� Genome analysis � Expression plasmid   
construction

� Overproduction 
in E. coli

� Purification

� Crystallization � X-ray diffraction � Calculation � Structure

Genes (Proteins)
2,238 ~1,2502,050 ~950

~680 ~460
Resolution < 2.5 Å ~491 (381+ ~110)

(including ~110 
determined by the 
other groups)

~22% of total

Structure determination of the proteins

This strain is one of the organisms whose structural genomics are much progressed.
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Internationally cooperative efforts in protein structure determination increased 
the success rate of the protein backbone conformations to about 70%.  

Prediction and de novo design of protein structures

The T. thermophilus protein structures also contribute to the 
development of programs for prediction or de novo design of protein 
structures.
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Trial expression of membrane protein

periplasm side

inside of the cell

[Roosild, T. P. et al. (2005) Science 307, 1317-1321]

Mistic (membrane-integrating 
sequence for translation of 
integral membrane protein 
constructs; 110 aa) of Bacillus subtilis

Signalpeptide-less membrane protein

pET-22b

ori

PT7

Mistic membrane protein
linker

S M P S M P S M P S M P S M P
Mistic

In total, nine out of 14 membrane 
proteins were successfully expressed by 
this system.

S: soluble
P: insoluble
M: lauryl dimethylamine oxide soluble

This expression system might be useful to obtain large amounts of various 
membrane proteins with high efficiency.

6TM 8TM   4TM 8TM
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~30% of the total proteins of this organism are membrane proteins.



1. Whole Cell Project of T. thermophilus HB8

2. Structural Genomics

3. Functional Genomics
～ toward functional discovery of

functionally-unknown proteins 

4. Resource and Database

Topic
12/26

11%

22%

Hypothetical/
TTHB

Hypothetical/
conserved

“30~40% of total proteins are 
hypothetical (functionally-unknown) proteins.”



COG
code Description No. in 

genome

Poorly characterized

R General function prediction 
only 304

S Function unknown 166

- Not in COGs 434

T. thermophilus has many functionally unknown proteins

According to the Clusters of 
Orthologous Group of proteins 
(COG)-based categorization, 600 
functionally-unknown proteins (genes) 
are found in this strain.

Elucidation of function of the functionally-
unknown proteins is necessary for an 
understanding of the whole cell life system.

Strain COG code S Not in COGs Total

T. Thermophilus HB8 166 434 600

E. coli K-12 (W3110) 322 585 907

B. subtilis (str.168) 340 900 1,240
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Construction of the platforms for functomics analysis

~1,000 / 2,238 genes

Classify the functionally-unknown proteins (genes) based on their 
transcriptional regulation and obtain clues as to their function.
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Classification of the functionally unknown gene (protein)  
based on transcriptional regulation

Transcription of several genes sharing similar cellular function is 
often synchronously regulated.

CRISPR

Singleton

DNA repair/host defense system
Exonuclease

Transcription factor
GCN5-related acetyltransferase

CRP-dependent promoter
CRISPR

DNA repair/host defense system
CRISPRTTHB

186
TTHB
186

TTHB
187

TTHB
187

TTHB
188

TTHB
188

TTHB
189

TTHB
189

TTHB
190

TTHB
190

TTHB
191

TTHB
191

TTHB
192

TTHB
192

TTHB
193

TTHB
193

TTHB
194

TTHB
194

TTHB
147

TTHB
147

TTHB
148

TTHB
148

TTHB
149

TTHB
149

TTHB
150

TTHB
150

TTHB
151

TTHB
151

TTHB
152

TTHB
152

TTHB
178

TTHB
178

TTHA
0771
TTHA
0771

TTHA
0176
TTHA
0176

TTHB
159

TTHB
159

TTHB
158

TTHB
158

TTHB
157

TTHB
157

TTHB
156

TTHB
156

Functionally-unknown gene

cAMP

CRP-cAMP

RNA polymerase

Transcription factor  
CRP



Study of transcription using T. thermophilus HB8 

Strain Genome 
(Mbp)

Number of 
gene

Number of 
transcription factor

Number of σ
factor

T. thermophilus HB8 2.1 2,200 ~70 2
Escherichia coli 4.7 4,300 350 7
Bacillus subtilis 4.3 4,100 330 17

T. thermophilus HB8 is an appropriate model organism to study 

fundamental transcriptional regulatory system.
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Strategy for functional identification of transcription factor (TF)

【A】Molecular function
a) Identify target genes of TF
・DNA microarray (transcriptome) analysis

Compare total mRNA expression of TF gene-disrupted 
strain with that of wild type.

・Genomic Selex 
・In vitro transcription analysis (and promoter search)

b) Determine three-dimensional structure
・X-ray crystal structure

【B】Cellular function (Physiological function)
a) Analyze altered mRNA expression caused by environmental alteration
・DNA microarray analysis

b) Analyze function of the target gene products (proteins)
・Activity measurement, prediction from amino acid sequence or 

X-ray crystal structure 

Target Gene

Genome DNA

T. thermophilus HB8 wild type

HTK

Genome DNA

Deletion mutant

pGEM vector

HTK

Homologous 3'
Region (500 bp)

Homologous 5'
Region (500 bp)

70°C, 2hrs
Homologous 
reconbination

SdrP CsoR FadR–lauroyl-CoA
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Summary of the number of the target gene of 
T. thermophilus regulators

Regulator No. of the target 
promoter

No. of the 
target gene

CRP 6 22 (12)

SdrP 16 22 (6)

FadR 9 21 (2)

PaaR 2 11 (3)

CsoR 1 3 (1)

σE/anti-σE 3 5 (4)

TTHB099/
LitR 2 5 (0)

Total 43 98 (29)

So far, in total, 98 genes containing 29 functionally-unknown or 
hypothetical genes out of ~ 2,200 could be categorized based on 
the activity of them. 

Regulator No. of the target 
promoter

No. of the 
target gene

NusG (for the activity of RNAP)

σA (housekeeping genes)

GreA (for the activity of RNAP)

Mlc 1 3
NusA (for the activity of RNAP)

Gfh1 (for the activity of RNAP)

ArgR 2 5 (1)
SlrA

1 1
SlpM

( ): number of functionally unknown (COG code S or non-categorized) gene
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T. thermophilus transcriptional regulator 

Functional identification of remaining all transcription factors is necessary
to classify remaining functionally-unknown proteins.
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Gfh1

CcpA PyrR

Functionally
identified

CsoRFadRNusG 
(CTD, NMR)

σA

CRP, PaaR, σE/anti-σE, ArgR, SlrA, SlpM, GreA, Mlc, NusA, 
LitR

(structurally unknown)

Sdr
P

Functionally
unknown

No. of 
protein Protein name

18

~46

(Blue letter: studied by our team)

Other ~43 are structurally 
unknown.

Rex

TTHB099
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Plasmids
RIKEN BIORESOURCE CENTER
http://www.brc.riken.jp/lab/dna/en/thermus_en.html

~2,050 clones ~1,000 clones
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DNA microarray data
NCBI Gene Expression Omnibus (GEO) 
(http://www.ncbi.nlm.nih.gov/projects/geo/)

Platform: 
accession number GPL9209

418 samples,
58 experimental series
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Open access homepage of the whole cell project

http://www.thermus.org/

link to BIORESOURCE CENTER 

‘DATABASE’
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Whole-Cell Project Database
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Search your target

Whole-Cell Project Database
25/26



Whole Cell Project Database
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